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REPORT ~0, 348

STRENGTH OF WELDED JOINTS IN TUBULAR MELMBERS FOR AIRCRAFT

By H. L. ~HITTMMOEE! and W. C. BmnmQm+c.m

L INTRODUCTION .

TMs investigationuws madeby theBureau of Standards
in cooperation with the National Adm”soy Committeefor
Aeronmdios jor the Aeronautics Branch of the Depart-
ment of C0m7nerce. The object of the investigation is to
make.awilable to the aircrafi indust~ authon”tatirein-
formation on the strength,ueight, and cost of a number of
types of welii%djointe. TM8 information will, also, amid
the Aeronautics Branch in its work of licensing planes by
protiding datafrom which thestrengthof a ~“cenjoint may
be estimated. As rery ldtle materiul on the drength of
airoraft welds has been publi~hed)lit ig beh%redthat euch
tests made by a disinterested governmental laboratory
should be of considerablemdueto the aircraft industw.

Following theprogram preparedfrom infmmation SUP
plied by manufacturers, @ jm-ntswere weldedunder pro-
cedure .speoi$cations and tested to determine their
strengths. The wight and time required to fabricate
were also meaeuredfor eachjoint.
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Mr. Robert Patteraon, of the Research Department of
the knerican Chain Co., for making flame and
weldablhty tests of the materisl

JM.MATERIAL

1.PHYSICALPROPERTIES

Chromium-molybdenum aeandess steel tubing was
used to make all the test specimms. Cbrcrnium-
molybdenum sheet steel of the same chemical analysis
as the tubing was used in m&ng reinforced joints.
The tubes ocmplied with United States Army Speci-
fication No. 57–180-2A and the sheet steel with Navy
Department Speci6cation Xo. 47S14. The speoified
phtical propertk of the steel are given in Table I
and the spec&d chemical composition in Table II.

1SeeBibksm@y fora M d rmblirstionsonthfssnbfect.
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TABLE I.—PROPERTIES OF CEROMIUM-MOLYBDE-
NUM STEEL

, 1 I

1Tubes-—.——.—.— 5i’-lm–w------
P18te..- . . . . . . . . . . . . . ..-..~ 4i-S-14_—---_-.1 iSSWOi C&000

TABLE IL-CHEMICAL COMPOSITION OF CHRO-
MIUM-MOLYBDENUM STEEL

~Paca141P6rcd Pac#u’P.sent; Pmsd Psrcaat
TLWL.; m=Lwu_. a zui = M cc :~ ~~ a~~~ 11111-a5

I r
Pfste._.: 47SIL---- .25- .8a .* .03

I 1“
.15-. a

‘Welding wire conforming ta American WeIding
society Specification for Gas Weld@ Rods G+o. lAZ
was used.

The essential requirements of this specification are
given beIow.

AMERICAN WELDING SO@ETY SPECIFICATIONS FOR
GAS WELDING I&ODS G-No. 1A

hfATERIAL.-hktefi4d made by thepuddling prccesa
is not permitted.

PEYSICALPrLoPERTIEs.-WeMingrods shd be made
of ameaIed commercially straight tie of uniform
homogeneous structure ke from irregularities in
surface Imrdness,segregation, oxides, pipe, seams, etc.
Diameter shtdlnot vary more than plus or minus 3 per
cent from diameter specified.

CHEMICAL coxmosrmo~.-The chemical composition
shaIIbe within the folIow@ limits:

GNo. 1A
CWbon----------------------- Not over 0.00 of 1 per cent.
Man~m=e -------------------- Not over 0.15 of 1 per cent.
~o&hom -------------------- Not over 0.04 of 1 &r @t.
Stiphm ----------------------- Not o~-er0.04 of 1 per cent.
~mn------------------------ Not over 0.0S of 1 per cent.

diameters.
Us=?—For welding mild steel, structural shapes,

plate.s,bars, or low carbon steel forgingg and cast~hgs.

*Thisspedlcethmfsidentkd in ftsesentid r6@renwk9wfthU.S. Odnanm
De~t MetslSwdEkdfonNo.Ei?-$l)?d,gradsEL

:Afthngh noreferenmfs=deto IIfmmftwddk thscomuweson Viddfng
Pmaims ofthe .4merkn BureaaofWeMfngmoommndaf thh gmdeofweMhE
d esbeblg themmtSu!tsbb Faram h’f8tig9.tIorL
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SURFACE FrN1sFi.-The suiface shall be smooth and I TABLE 111.—TUBING SIZES

free from scale, rust, oil, or grease, and maybe plain or
capper coated,

A
O!MIde Wllllthkk-

TEsm.—b the hands of an experienced welder,
dfametm nesa

welding rods shall demonstrate good weldability and

L
Indet 1- Inch

Ad flow smoothly and evenly without any unusuaI ~94 am

oharadmistics. ill”
:E
.05s

‘Tubing of the following sizes was used for specimens: 2 .Cu16

TABLE IV.—TYPICAL PHYSICAL PROPERTIES OF TUBING

Nxo.oaiLL.....- !&i’

!m

Ixo.ws-. . ..........-. Ma
196

l*o.04Q.-.-.._...- M8
m

I%xo.o!m.. ..-------- 42
102

2xo.&..._...-.-... 1s2

Pm

Aim . . . . . . . . . . . . . . . . . .

Tension

ultintlD&

ma. u.:&100

8Eit%l
8#2uJ

O&
lx, ml
KQ#m
wan
1(FJm
107,lm
lQ4co
Q&m
@m

lo~em
llL SW
1$ ‘#

10&100
—

Typical physical properties of the material in tension
and in compression are given in Table IV. One tensiIe
and one compressive specimen were cut from each end
of each tube used. The strengths of the tubes were
used to determine compliance with the specifications
and in calculating the ticiencies of the joints. Strew-
st.rtiindiagrams were made from extensometer runs on
tensiIe and compressive speoimens taken from ten
tubes. The physical properties of these specimens are
given in Table IV. Some of the properties of speci-
mens cut from opposite ends of the same tubes are
listed for comparison.

Tensile specimens were taken from the tubing in fuLI
section, and the ends phgged with round-ended plugs.
h Amsler testing machine was used for testing aU
specimens, The yield point was determined by the
“drop of the beam” method. The compressive speci-

()
mens weremade with a akmdernessratio ~ equaI to 15

?-
and were tested in a special fixture for ensuring round-
end conditions, The extensometers used were the
Ewing, used on a 2-inch gage length and the Huggen-
berger with a l-inch gage length. Typical stress-strati
curves in tension and in compression me shown in
Figures 1 and 2,

*~ Dfsmeeionby L. B. Tnokernranof-TheDWe&inetion&d SfgnifkaJ&d“
theProportional Limit in the Testing ofMe- by R. L. Tam@ln, praaantwlatthe
ThMy-seeondMeettngof the Arnwfea Soefetg for Testfng Ma= Juue !25,1929.

19

Compredon

P#WJ.

IiIntt

Oqsol

The proportional limit was determined by the
method ‘pm-posed by Dr. L, B. Tuckerman,4 in ‘which
the deviation of the stress-strain ourve from a straight
line was determined by using the least count of the
extensometer as a criterion. A triaI mochdus was
asstied and the deviation from this line was plotted
for each point. Three parallel lines spaced a distance
equal to half the least count of the exte.naometer
(0.00001 inch/inch for both Huggenberger and Ewing
instruments) were then moved to include as many as
possible of the points in the lower portion of the curve.
The trial modulw was then corrected for the slope of
these lines and the proportiomd limit was taken to be
the stress at which a straight Iine connecting two
ocneecutive points cuts the right-hand outer line,

The average variation of strength in specimens cut
from opposite ends of tubm of Iengths varying from
8 to 15 feet was approximately 3 per cent. k several
tubes there was as much as 15 per cent difference.

OM sheet of 0.063-inch plate 18 inches wide was
used in making all reinforcements requiring material
of this thioknesa. Four tensiIe specimens in the form
of coupons with a 2-inch gage length and a parallel
section ?4inch wide by 3 inches long were cut from this
sheet.

Results of the test of these specimens are given in
Table V.

.-
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TABLE V.-STRENGTH OF COUPONS FROM 0.06WNCH
CEROMIIJM-MOLYBDENUM STEEL PLATE

,Epechnenh-o. I Held mtntk E&rlftf$f
poblt I

TABLE VI.--CHEMICAL ANALYSIS OF TUBING

“+
O=bn..-- .......--------

MeuEme= -----------
szfoon-.__..-
ohmdmn--------
Nf&eI .-------
MdybdennnL . . . . . . . . . . .
vemdiam_.._...—_———

P& cat
O.a
.@
.Ia
.99
.09
.24
.CQ

Pm cd
O.ao
.49
.17
.97
.n
.Z1
.01

s%ain-kper.hA~ “ L#J
DMPerexe-.hprh.- r-

P6TUn4
au
.46
.15
.y
.14
.a
.O1

.+min-ti per in A-
Differeme-hprh --4J ,—

~QCEE I.—TYpfefd teoSle 6&res%tMn eomee fm tubing, dwfw m- of detw-g wo-~ ~t by m
the least count of the exbmmmeter es a mfterfon

A CEEMCALcoMPosITIox~
& ‘rnbbu.

Results of chemical ana@&s of one sample of each
of three tubes are given in Table VI.

b. WeldfnzWfm

TVire of three sizes supplied in
donated by the Page Steel & Wii
this investigation. AU wires were

J ChemfmI armlyees, Seine, and weklabfli@ testd Ofthe fmbfmand wefdhw wire
weremadebytheRee@emhDepxtmemtoftheAmerf- ChetoCo. TheMlouing
mgortof &se testefe taken from thefrTeet h-o.91, Weldlng Wire md Cbmme-
MdybdenmnTubfnxforAfmmft,BmeanofStenderde.

four lots Was
C%., for use in
,M& coated

with bright fk(kb. Each lot was analyzed for
carbon and manganese with the resuhts given in
Table VII.
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TABLE VH.-CHEM1CAL ANALYSIS OF ‘WELDING
WIRE

Lot JDlmneter I Carbon I IWWmWe

Ihuh Psr cent A$cmt
L.. -... ----------- a al
2._ . . . . ____________ ~ ;: % .0!2
a. . . ..__ . . . . .._ . . ..__
4. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

---0 ‘: ‘:

%, %, and k inch size, reapeotiveIy, were of too
small a diameter for a proper interpretation of this
test, as no boiling action could occur even if the
conditions which would produce such boib.ng wero
present. Lot No. 3 of j&inc.h size showed alight
amoUJ@ of impuritie9 under the copper coating but
not in amounts great enough to interfere with tko
weldii qualities of this lot. The impurities wcm

sffa/ff-hprAAOkWl--
.Oifftrern-h,afr.42 --LXJ”

12WO0
I “1.- 1 I 1 I 11

,_l
Ifxooc

I b t
800U0 d I t I Ir I t

i 118. fll[lflll
I

F“

1+
—

9 40(XW

20000 —- —.
H-tt—tthtl—tlm

o Z I,. , 1

.-

.

-.

,f.a,ff+wr&J,& ‘uDiffereme -in.perh – -

2’IL?UBE2.—TYPM comprmdw strewstrti onrves for tnbIng

8. WELDINGPROPER=
a. T~bIM

Samples of~the tubing w&e subjected to a flame
tests applied to the end of the sample and k the
wall surface. Figure 3 shows the appearance of
samplas after the flame teat. The indications were
that the metal behaved as a clean, quiet material
under the toroh.

b. WeMin#Wire

The samples of the welding wire were also subjected
to this teat. (Fig, 4.) Lots Nos. 1, 2, and 4 of the—

@Seaw B of procsdw spedfkstionsfcma fnrfher desdption of ths &me and
wefdnbfffty kda.

ordy noticeable in the flame test. M tlm samplca
showed good welding properties when used on tho tub-
ing, -Due to the alloy mntent in the base metal some
aca.le was formed on, the welds, but when tried
out in actuaI welding on Armco sheets nothing
objectionable could be found in any of the iota
submitted.

Six butt joints were made with each one of the four
lots of wire submitted. Wue from each end of each
coil was used to weld the samples of tubing together.
(See fig. 5.) No difficulty whatsoever was eucoun- ‘-
tered in thew tests.
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IV. SPECIMENS
L DF.SXEIPTION

The joints may be grouped into butt joints, T joints,
and Iattice joints. Drawings of the joints are shown
in Figures 16, 20, 21, 22, 26, 27, and 29. It is believed
that most types of joints used in aircraft structures are
represented and that a close estimate of the strength

TUBULAR ME?I=ERS FOR UCRAFI! 327

Three specimens were made of each joint. Each
pecimen was given a number, the fit digit referring
o the type of joint, the second to the size, and the Iast
o the number 1, 2, or 3 arbitrarily assigned to speci-
Mna of the same type aud size. Thusj specimen 243
Jthe third of tbe triplicate inserted-t T joints of
gpe 2 and size 4. When reference is made to the
riplicate specimens, the type and size number is used
allowed by a cipher. Thus, joint 240 is alI of the
~intsof @pe 2 and size 4.

Specimens of the butt joints were made for both
de and compressive twts. A eIenderness ratio
‘1-)equal to 15 wss used for the compressive speci-
.r
mens. In addition to determining the strength and
fficiency of the butt joints, hardness eqlorationa and
tzew strain measurements were made of several joints
morder to study the properties of the metaI in the
egion in which faikre occurred.

In the T join~, tubes A and B meet at an angle of
OO. In all the lattice joints except No. 680 the angIe
~tween intersecting tubes is 60°. h joint No. 680
n angle of 45° is used. Both T and lattice joints were
madewithout reinforcement by machining the ends of
ubes B and C to fit around the walI of tube A, then
rehling. Tubes ranging in size from % inch outside
tiameter by 0.028 inch in walI thickness (hereafter
abbreviated % in. XO.028) to 2 in. X 0.066 were d
n some joints all tuti were the same size and in others
he secondary or “Iattice” tubes (B or B and C) were
madethe-fourths the diameter of tube A. Three
pecimena of each joint were tested.

—

.- —

..

.—

—
—

—

‘k m-&~ nhted on tlw-mrfm?aand and with the bxoh. IWdable metnt malts ewdg and keely without
MU IX I#V@ etidmce IML!=S and IsmIatiYEJYfmofti@dW w ~om TJu WEWIW@ when
teskd for ueIdabIIltY by mshw St fn E =eIU OWStfon, ad * aft ~ --

of any joint can be made by referring to the test
results of one or more of the specimens. Although
butt joints are seldom used to carry direct tension or
compression in aircraft structures, they were included
in the program to determine the properties of the
metaI nem the weld.

In addition, joints were made with reinforcement
such as plates, straps, etc., welded to the tubes ati the -
joint ta detarinine if reinforcing increased the strength.
To avoid too great a number of specimens, aU rein-
forced joints were made in one sixe of tubhg 1?4 in. X ‘-—
0.058.
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2. METHODOFTESTING

An Amsler testing machine “with load capacities &f
0-10,000, 0-20,000, 0-50,000, and 0-100,000 potids
was used for all tests.

T joints were given two tesfs designated as loading I
and II. Imading I is a ~verse test of tube A (see
drawings) in which this tube was supported on rdera
at the ends of a spm equaI to 10 diameters with the joint
in the middle. (Fig. 6.) The deflection was measured

w= considered of greater importance than loading II,
as it is believed that tube A would seldom be supported
on a span less than 10 diameters in an aircraft structure. ~

For testing the lattice joints the &ture shown in
F~e 8 was used. It was designed to support ther
ends of tubes A snd C on pin bearings whiIe tube B

..—

is loaded in tension. The fiture wes placed on the
.-_

movable head of the testing machine as shown in
F~ea 8 end 9.

._

FIGUEES.-Fixbm!e fortmtinc IattIcafokks. Tubfa Aand Oaresappxtad onpIubea@s wlilatuba BIs
Mdedbltendonuntu fa!kreoccam

by a dial micrometer fastened to an angle bar which
wss attached to tube A above the supports through
flexure plates. Tube B wss plugged and loaded in
tension untiI either the specimen faikd or a -ivelI-
detied permenent deflection was reached. The speci-
men was then given loading II, designed to determine
the ultimate strength of the joint when loaded on a
short span. Two blocka (see fig. 7) were placed as
close to the joint as possible. Tube B was again
loaded in tension until failure occurred. Loading I

8. .MACHINING

The pieces for corresponding members of the tripli-
cate specimens of each Q-pe were cut bm the same
tube. The cross-sectional area of each tube vise com-

-

puted by dividing the weight by the product of length
times density. It was also computed from-the meas-
ured diruqeter and WSII thickness for a number of
tubes as a check. The average difference in the corn-

.-

puted areas of 14 tubes measumd by both methods —
was 1= than 0.5 per cent.
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The ends of tubes B and C were shaped in the milling
machine to fit tube A closely by using spiral end mills
of the same diameter as tube A, Sharp edges were
afterwards removed. In joints having inserted plates
such as 230 and 760, slots were cut in the tubes using
screw-slotting cutters in the milling machine. The
time required to machine each joint was observed,

COMMITliPEE FOR AERONAUTICS

that the test resuhs would be of littIe value wdess the
physical properties of the welds as well as the
propq~ies of the base metal and the dqsigna of the

~ joints were tied and reproducible. As procadure
~ specifications are receiving considerable attention
~ as a means for ensuring high-grade welding, it
] was decided that the welding be done under speoi-

\ FIOUEE9.-A lattlmjofntbe4nstested
.

l?mun10.-Tube#compcduga Tand a lattlcejdnt shomingtntmsudsmachlnadbyaplmdandmllh

The pieoes for a T and a lattice joint are shown in
Figure 10 ready for welding.

4. WELDING

It was considered of the utmost importance that alI
the welding done in this investigation should be uni-
form and of good commercial quaLity. It was realized

fications especially prepared for aircraft structures.
The American Bureau of Welding was requeshd to
supply procedure specifications and appointed a Comm-
ittee on Welding Procedure which prepared the fol-
lowing spec~cations for oxyacetylene welding. The
spec%cations for electrio welding have not yet been
prepared, -—
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PROCEDURE CONTROL FOR GAS WELDNG t

A. MATEELAL AND APPMZATUS -

Ozygen.~haU be commercially pure, obtainab~e
from any reputable mamrfacturer.

Aca@me.43haU be ccmmerchdly pure, either dis-
sohd or generated, obtainable from any reputabIe
manufacturer.

Re@ators.—ReguIators shd be selected that wiU
provide for reducing the initial gas pressures to the
working pressure reconnmmded by the manufacturer,
and shalI be capabIe of retaining the working pressure
constantly unti the initkd prwsure closely approaches
the working prwsure. The difference between the
gauge w-ork@ presme with torch -wdve open and
closed shouId be smaU. The required oxygen and
acetylene pressures for proper welding fkmes, as illus-
trated in F~e K, shaU be obtained by adjustment
of the regdator valves as nearly as possible, thereby
necessitating only minor secondary adjustment of the
torch valves to obtain the correct ffmne characteristics.

Pressure gauges.—Pressure gauges having the fol-
lowing pressure ranges shall be used for wehling and
cutting purposes :

Oxygen------ High prewtre--—---- &3,000 l@@.~
Working pressure--- &30, 50, or 100 lbs.lin.z

Acetylene---- High pressure-------- 0-350 U@nfi
‘Workingpressure----- 0-30 lbs.lin.~

.411gaug- shall be t=ted against and shaU coincide
with a standard testing gauge over the complete pres-
sure range before acceptance for the work to be under-
taken in the investigation, standard gauge tolerances
to govern.

Wehling tomiie8.-The essential requirements of a
welding torch for the purpose .herein are that it shalI
properly mix the gases, be light in might and bahnced
to the hand, and be provided with proper valve mecha-
nism to enable the operator to obtain secondary gas-
pressure adjustments and shut off during the welding
operation. Valve-stem packing and hose connections
shall at aIItimes be gas tight.

Welding tips.—Tips shall be maintained in a condi-
tion that will produce the character of welding flame
recommended in Figure K herein. A pointed welding
flame should be avoided. Whm the blowpipe becomes
obstructed in any way, use a soft copper or brass tie
or hardwood reamer to clean it out. Do not use any
hard, sharp tool, as same will enlarge the size of the
orifice. The end of the copper or brass wires should
be rounded off so that there are no sharp edges to
scratoh the passageways. Torch tips should be
inspected at int-a.b, by gauging, for drill size.
Reasonable tolerances shall be allowed; but if exwed-

f ChdrmaW E. L. WMttemore,Bnreen of Stedsm&; =tmry, W. Sproragen,
secretery &o&ican BmeeII of Weldhr&I. B. JohmrmjAfr Co~ Wer Depert-
menh WrightF@Id; A. M. Csndy, W~nsa EIeetrfe & M&. Co.; D. H.
DeF@ Oenem.1EIectrie CkV J. J. Crowe, Ah Reduction Co.; J. W. Owens, New-
port News ShiPbnJMing & DrY Dm?k Co.; J. E. Dawso% CerbIde & CarMn
Reeeercb Laboratoiiea @.); H. E ?&es The Lfnde Ah Prdneta Co

TUFUIAR lIEIIBERS FOR AIRCRAJ7T 333

& one-half drill size, shall be marked the next Iarger
tie. “The joint formed by the tip where it connects
to the torch shall be gsa tight at ali times. For recomm-
ended driIl size of tip for diflerent thicknesses of
metal, reference is made to apparatus manufacturer’s
pubIished data.

Torch hose.—Rubber and fabric hose EMI be used
..—

which shaU be of a size and quality suitable for the
3ervices. involved. Hose connections to regulators
and torches shall be securely fastened and gas tight.
Long length of hose should be avoided; but where this
is not possible, heavy duty %-inch to %-inch diameter
hose should be u&d except for the last 10 to 15 feet
connecting to the torch. A xc-inch service hose is

—

recommended ..at..this point SE an aid to the welder.
h70 joint compounds should be tied to aid in joint
tightness. ReguIar hose clean~ut tid inspection for
leaks is recmnmtided. Hoi.e shouId at tdl times be
prevented from l@ing on the floor or tider worben’s .
feet.

Goggles.—At fi tire= during weIding operations the
operator’s eyes”shotid be protected by properly de-
signed goggles or spectacles. Lenses are made of
amber-colored optical glass that”minimizes the effect
of glare, which lens- can be obtained from any repu-
table manufacturer of wekling supplk

—

Nom.—For use and handling of oxygen and acetylene —.

oylinders and/or apparatus, refer to Bulletin No. 23, NationaI
Safety CounciI Safe Practices.

B. BAZE-METM lNSPECTION

Ph@cal properties.-Cheek te.ata: Base metal ~
received shall be check tWed for physicaI properties
to de@rmine the conformity of ~ same T@ the
military spe@@a~ona under which it was procuy+i.

JVeklabil@ypquT#ies.-@I base ny@al ~h~ be
subjected to a weldabfity test, first to an end or cross-
section test, and second to a surface flame test-these
tests to be appfied @ every stack length of tub~&gig
each grade of steel used. This&undoubtedly ex~ivg
for production work, butj it is felt, should be ,doge in
this investigation. Before applying this test the pqrt
to be subjected to the flame inspection shall be thor:
oughly cleuwd of milI scaIe or surface oxides, or foreign
matter, such as oil, grease, pa@, etc., oxide to be
removed by a wire brush, file, or emery paper, as may
be required to expose clean metal, or by pickling in
suitable solutions. A 10 per cent solution of sulphuric
acid in water wiU be satisfactory.

The end or cross-section test consists of melting t.Ae
end of the tube around its entire paiiphery by advanc-
ing a neutral oxyacetylene fhune produced by a inkling
tip of 70 to 55 drill size, depending upon the thic.lmess
of the metal, regularly as the base metal becomes fluid.

The surface test consists of applying a simik flame
o~er small sections of the tube or plate surfaw untiI
the base metal becomes fluid. Weldable base mehd
shall be that which melts evenly and freely without
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boiling or giving evidence of gases, and is relatively
free of oxides, dirt, or laminations. This testing should
be done under the direction of an experienced wekling
supervisor or metalhrgist.

C, WELDING-ROD INSPEC~ON

A manufacturer’s report of average chemical rinalysis
of the rod supplied by him shall be furnished investi-
gators. Inspection of the quality of the wehiing ro~
to be used shall be made of each lot or package of rods

-~’bsz’”
S?ctibn @tMA’

FIQUEE A.-SPECIFIOATIONS

TYPE “A” OPENBOYI W- -T.

Pr@urot&n ofendu.-Cutsqm cken fdde snd out met
widthWbevre3ded.

!l%ekirau.-Tack welde % hmb b M Inoh 3ong at thma eWf-
d!stant POhk%

Mt40d of wef-dfng.-e4 roteted Wbue We3dfng.
Rdnforceowok-Hs inoh mfnfrnrmr, N Inoh maxfnmm.
Pendrof{mr.-FoII, @ Mde walI.
WMh o? )lubhed we&t.-Not km tlien sfx tIn’IMtnbo WW

tbh?knm.%
&itour of wdd.-’rarmd ureduedlyh beeemetaleft~ efde

ofwald,eashownin detaff.

supplied. Rods shall be carefully cleaned of alI oxide
or foreign matter before test is applied.

Due to the smalI diameter of the welding rods, a
surface flame Wt or a wehling tmt of the rod k recom-
mended. The flame tmt is similar to that described in
the foregoing (chaptar B) for the tubuhr and plate
material. The wekling tast consists of observing the
characteristics of the rod during a welding operation.
Scrap pieces of tubing, bavipg the same properties as
the ba e metal selected for this investigation, can be
used, upon which the rod is deposited by aid of a
suitable oxyacetylene wekling flame (neutral), the weld
being either in the form of a joint weld or upon tbe
surface of the tubing. Under this test, which should
also be made under the direction of an experienced
welding supervisor or metal.hu@st, the rod shall flow
freely and show ewidencs of being free from dirt or
oxides.

D. QUAL~CATIONor WELDmS

The welders before being permitted to weld any of
the specimens in thb investigation shall he required to
pass the following qualitlcation te9t:

Each welder shd be given a designating number or
letter whioh shall prevail throughout this investigation.
Form No. 1 has been prepared, upon which shall be
entered the welder’s identication, yearn of experience

CO~E FOR AERONAUTICS

in welding, chwsof work employed on, and similardata.
Welders not having experience in welding materials
sim.darin character to those to be used in this investi-
gation should be referred to a training school beforo
being subjected to the test. On the reverse sido of this
form therq is provided space for the result of tho
welder’s “qualMcation task (See Form No. 2,) The
forms shall be propdy filled in for each welder and bo
submitted as a record for the final report of this
investigation.

Preliminary test.— (Essentially an observation test
to determine an unrated applicant’s ability, intended
for the purpose ‘of economically eliminating opcratoti
unskilled in this type of welding.)

Scrap materials of like properties to that to be used
in the investigation can be used.

1. Rotatiw.buftwe&l.s.-Welder to make an open butt
weld joining two short sections of tubing for each of

●
�

b

●

\u.Zm

#&Y”

FImrnx B.-8 PECIFIOATIONS

TYPE “B” PfiIoK BUIT Wzr,n TM?,

Praparaihn of eduea.-cut equerq Surfeeeof dgm to b
groundorfledofflfeatwith oxyemtylenakwek Sur-
fecw cd tube to be welded to be tkmxrghly cfw.ned of
oxfdw and any fordgn mettar u heretofore specified.

!fWhf.-’reek welde Me fnch fa M inch long where
rnerked 0+.

‘Mefhnlofroekibro.-Tnbe eeeomd in a vortfeal RMJtfon.
Weld veztkel, stertlng at bottom of apmhnen.

Rdnforament.+e lnoh minimum, }~lmh mmbmun.
Petre4mlforL-FoQi to fnslde welL
Wfdf.bqfflnfded rodd.-Not less than elx tirnee tube wrdl

thloknem.
C%niou.rofwclibl’a~ greduafly to bese meffd either
efde of weld, es shown in detrdl.

the two grades of steel specified herein. The designs
md specifications for this test specimen are given in
l?igureA.

2. Potitwn butt md&,—Welder to make an opon
butt verticaI weld joining two sections of 2-inch tubing
in either of the two grades of stael specified heroin.
The designs and specifications for this tad are given in
FignrqB.

3. Horizontal $llet wel&—?Velder to make a fille&
welded specimen, joining a Me-inchplate to a 1)&inch
LubeWtion in either one of the two grades of stcol
specified herein. The design and specifications for
his test specimen are given in Figure C.
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The materiaI shall be thoroughly cleaned before
welding in the regions of weMing of all oxides or any
foreign matter. Cleaning can be done either with a
stiff mire brush, a file, or emery paper, or by grinding
if llece.ssaxy.

Welder to seleot tip and determine gas presmes.
Welder to weld one filIet forward and one bach~ard.
WeIda to select wire size.
The -wekling inspector or supervisor shall, during

the viekling operations, look for the foIlowing factors
of manual skill (a to 1, hclusive) of the welder, and
shall determine whether he has sficient skill to pro-
ceed with the fired mdifkation tds:

(a)
(b)

(c)

(d)

A clean vre.lb-g tip.
Soft neutral wekling flame, neither pointed nor
irregular.

Penetration to inside waJI of tube, or to points
“~” and to see if welder permits excessive
weld metal to protrude into the tube.
“Floating out” of o-xidesor my dirt in the weld

rmddIe..
(e)
(f)

(d

(h)

(i)

(i?

Even fusion into the base metal
Reg&r mo~em~t of the welding timh.

.5a-h UfM#

Fmuux C.-SPECIFIOATIONS

_ “C” FUT Wam l?=.
PrepurQUon.-Edge of pti abnttfng tuba to ham

wuareent. Surfaee ofadseto hamnndorflkdoff
ffcntwftholyacetylane toiTIL snrface60f~~~
pk+te to h welded to be thoroughly ofeaned of oxfdea
aud aoy forefm matter as heretofore epdfkd.

TmHn~.-Tack tide xc fnfh to M lurh fong, both
sfd% near ends Of Pht&

Mtkod of tcefdrnf.+f’nhe dmped to tam so W@dS

can ha mada in a horfzorrtd pkfon.
Dirneruioru ofwfd.-h * fn detaU. FIfkt mntonr

totapergre.dwW ateftherafde ofwekf-
Pemtrafion.+l?o the rootof the SIIet ra to poht “X”

(k) Proper incorporation of the weld t~cks into the
fird weld, particularly the fusion at such points.

(1) ProperHcloaingout“of weldatflnishwheretheprc+
grwxing weId engages the start of theweld, where
cexe should be exercised on the part of the welder
to see that the finish of ths weld is thorougldy
penetrated into the previously made we~d.

The Net wekls in specinmn type C me to be remelted
by aid of a stitable wekling flame, to expose the char-

s2c7%7t7rM.4#
Fmum D.–SPEflIFKlATIONS

0- Bum Tazmu TMr.

Prqxmffan of max.-cut aqnara. 6nrf8cee d tnk to
he weIde& fncIudLugmrfecea fnsfde jdu~ to b thor-
ough4eIeaned of@==dmmfiWmUti ea
heretofore sLwcffled.

Ta&fnu.-Tack welds H Inch to x fnch long at thee or
mma eqnfdf9taut pofn&

Xdkod M bxldin$.-Wnr spechme to b rotated dor-
fng weldin& tube b be Imfrontal. Two epwfroenr
to h6 weIded fns vwtfed, ffxed @tin. WefdM
tnb6donef0rward crba&ward. ~M~-

Klfdlw tipafz-sea Wtfon L 3iaterfaIand Appa-
retus.

tlzwea preatura.-see Eeetfo’n A. MatafnI and Appa-
rates.

Ardllem prwurm.-see SeeKon A. Materfal and Amre..
ratw.

R@h.fmccmti..wtithfeknm9*W H fneh

acter of the weId such as its fusion, Penetration, ~d
the general density of the depotited-rnetd. “

i Final qualijkation ted.-Il the welder has satis-
factory passed the prelirnhmy teds set out above, he

i“sha.U next be required to pass the foLlowing fial
! qudiiication test:
j hiaterid:

Tabing, % inch O. D. XCIJ32S,Spec. No. 57-1*1-A.
Tubing, 2 inches O. D.xO.065, Spec. No. 57–lSO-2-A.

I

I
Plate (dimensfom aa shown), Spec. No. 57-186+.
PIate (dimensions as shown), U.S. Navy Spec. No. 47S14S
Welding rod, mild steel, U. S. kny Spec. No. 57-203-A,

Occasional check for neutraI flame, by throtfig gradi E.
back to neutral indication, a momentaqy excws Sizes:X6 inch for 0.028 tfic~=; ti6 ~ch or % ~ch for

of acetvlene. 0.005 thickness.

lj-do&-&Orporation of filler material tith the i Material to be carefdly cleaned for welding, as
progressing weld puddle. speaified hereinbefore.

Production of a regular weld contour and proper 4. Open butt hxmite ted (rotatire and rertical position
tapering of the weld along the sides in accord- tcelding).—This &t requires the welding of six speci-
ance with the sketches in Figures A and/or B. mertssimilar to Figure D in each of the two grades of

Maintemmce of clean molten metal at all times steel speofied. For eaoh grade of tubing, four of the
during the wekling operation. 1 six specimens shall be rotated during the welding
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.

operations for the convenience of welder, the specimens
being at all times horizontal with respect to the longi-
tudinal axis, arid shall be tested as hereinaftm set
forth. The -weldingshall be done in accordance with
the spectications accompanying Figure D.

Two rotathe and one vertically welded specimen
(three in all for each grade of stael) shall be tested (in
full-size section in a tansile-teding machine until
rupture occurs) for strength at the yieId point and at
ultimate loads. The yield point shall be determined
by the drop of beam. The speed of the movable head
h be 0.43 inch per minute.

Two rotative and one vertically welded specimen
(three in all for each grade of steel) shall be tested in
full-size section in collapse as hereinafter set forth.

Required tensile strength.-The strength of the speci-
mens shall be sutlicient to either cause failure outside
of the weld (for this purpose the width of the web%
shall be taken as a section one-fourth of an inch

I
I I

FIGUREE.-Colfapsfng or ductfbllfty teat

wide, centering with the center line of the joint) or
shall in any e~ent be not less than that giv& in”the
following table:

ukimflete

Matabd Wran@h,
pounds per
squaw fnch

SPW. No. 57.1W1.A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-
SP?C.NO. 67.WA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . w%’
—

Collapsing or ductili@ teat.-This test is to be used
for welds that join tubes of the same diameter when
all the branches are in the same plane. The welded
t~t specimen shotid be placed on the tensile t~ting
machine and crushed by pressure applied with the
movable head, as shown in Figure E, so that the height
of the specimen, when removed from the machine,
has been reduced to one-half its original outside diam-
eter. hy test weld in airplane tubing that is cracked
by this treatment shall be considered unsatisfactmy.

6. Imert plate joint, jillet weld teat (horizontal wefd-
ing) .—This test requires the welding of one specimen
similar to Figure F in each of the gradea of stael speci-
fied herein. The specifications accompanying l?ig-
ure F inform the welder of the welding requirements

CObfldI~E FOR AERONAUTICS

governing this test specimen, Upon completion of
weldjng, the specimens shall be cut in sections through
(l)-(1) and (2)-(2), as shown in Figure G. The sur-
faces of these sections (one for each section exposed)
should be prepared for macro-etching as recom-
mended herein under ‘tGeneral specificatiorw” The
preptmed surfaces in the zone of the wekls shall be
inspected for the fo~owing factma:

(a) Conformity of dimensions of welds to those
given in the sketch, Figure l?,

‘“l-
: (b)

(c)

(d)

Penetration oj wekls.—Filletwelds shall have full -
penetration to the points marked “lI.” The
tee butt weld shall have full penetration to the
points marked “~.”

Fusion.-The several welds shall be uniformly
and completely fused to the base metal at all
points of contact.
Sound weld metal, free from gas pockets or
holes, fissures, plates of oxides, laps, or airdar
defects.

m

/7) : 0)
@ ‘“” ;“. ~

FIGUBE &-SPECIFICATIONS

~@Ud{On Cfe@e#.-CUtSqWO. Surfweetob weId@ hChld@ 811rfK’M ln!ldo
jofnfs, ta be thormrgtdy cleaned of osfdes and any foreignmatt.wm hretoforo
mdfmd

5wkfw,-Foo.rtsck !rel@two each akfe, near end of plate at point of ffllet welds
md two taok welds near ends of plate at prdnt of butt weld,

Meibod of wehi/n&.Speohnen to be plnced fn convenient poeftlorr for each c4 tbo
tbrm wekf.% VWMtng fe to b+ done forward ortackward. Bockwardfsrecrm
r.lmlded

We&MrJtipd?e,- SeeSectionA, Material and Apparatus.
Oqqm _r8.-Soe Sectfon A. Makrfal and Aplraratu&
AcrtWm frnr#au#cs.-See Section A. MaterfalandAppamtus.
Erf@manwIu.-&I shown frwdlletk For the butt wel& waff tbk!lrnm mlnfmum,

J4 In& nmtfnrmrr.
Parretrofiorr.-To pointi” X”.
~dtk @finbh?d uhrf&.-As ShOWIl,

C3m&rw rf mefok-l%pend gxadrrally M bam metal eltber atda of weld.

6. Composite joint (general position weZding),-This
test is specified for the purpose of observing the weld-
er’s ability to weld a typical 4-member reinforced joint
for ai&aft and in a position characteristic to that of
production practices, The design and specifications ““
are given in Figure H.s

The nature of the design and the position of the
specimenfor welding requirea the weIder to make welds —
tThe ddgrr of the specimen fa .efnrllar to Fig. 7, Bureau of Standards drawings

A-614, 816,816,and 317,attached to tbefr Report No. L
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in se=ierslunhandy positiom; also to superimpose wetds
upon previously made wekk. Eis ability to produce a
satisfactorily vrelded joint under these conditions shall
be thus determined.

Upon comp~etion of welding, sections through the
specimens shall be exposed through the center of the
welds (sections 3–3 and 4-4, fig. E.) by swing, and be
prepared for macro-etching as recommended herein
under General specifications. The prepared surfaces
in the zone of the wekls shall be inspected aimihdy as
for find test (section 5, figs. F and G herein), especial
attention being given to the locations where mm-
pound or revwlling has been done.

G~~ERAL SPECIFICATIONS

Heat treatment.—No heat treatment other than that
vrhich normally occurs @nediateIy succeeding the
welding operation shaIl be given any of the specimens

4

f Ii/ fl

welded

)?IQUEXH.-SPECIPICATIONS

Repufufi.m l#jofrlt#.-Me.v&?&oM to be mrefnuy matdh?d.
%rfeces ta M welded Indndfng mrfeces fnslde Jcdntsj ta
be thoroughly cW of oxfdesandanyfordgnmatterae
ketafom specified.

Terkin&-Taokwdd9 $ft hh to !d fdl IOU Where
nuked +.

.!fdhd oftddfRu.-Specfmentob welded fn fixed @&n,
Insert pl~ta v.rdcal wfth prfncfpfbl member uppermost.
WeldlnE to be done forward nr Imckwmd. Backward is
remmmended.

WWdfn#UZJW-see Seotion A. Mntmfrd and @paratns.
&#fen praum.-% &ctfon A. Materiel and Apparetm.
.4rtWeneIWUmwe.-&e8@MonA. Materfe.1andAPp8r8tos.
F%MmffoA-To the root of SM.
Ctmfouf # WL4+l’apered gredndy to bs.w meld dthllr

tide of weld.

for this investigation. IJPon comrdetion of
wekling, the specimens shill be ceded in air to room
temperature.

MACRO-ETCHIIiG

The specimens for macro-etching are prepared by
~grindingor ~ untiI the surface is fiat. Thsn the
@ding or PO- should be continued 011 ~ccSS-

sl~ely fier abrasive wheek or grades, of emery paper.
Each grinding should remo~e the scratches left by
the prericmsly used coarser wheels. The fkd polishing
shouId be with N’o. 1 emery paper-

.4 saturated solution of ammonium persuIphate
should be used for the etching. It may be appIied
with a small cloth or wad of cotton. When the etch-
ing is hished, hold the specimen under running water
and rub with a cloth or cotton, then wash with alcohol,
and dry CfUiCkl~.
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The etched specimen may be inspected for the fol-
Iowiug: Thoroughness of penetration of the wehiing;
contour of weld; fusion between weId mettd and
base metal; freedom from coId shuts, blowholes, and
nonmetallic inclusions.

WELDING SPECIFICATIONS FOR fiVESTIGATION
SPECIMENS

Material.-See section on MateriaI,herein.
Preparation for uxl&g.-The material shall be

prepared for -weldingby machine tooIs or by grinding
and the details shall be similar to those shown for

.—

..-
—

.-

.

..—

FIGVIBXT.—Gniversd &&lenifg#PcrminhgCompleta
wddfng of 9pedmenwIthcmt removfng~ from
w

the eemral types of joints of Figure I herein. The
faces of joints in tubes and plates for butt welding
or butt fillet welding shall be machined square, that k+
no beveling shall be done. For tubular intersection
joints the edges of the tub= shall in general be either
ground or iiled to avoid thin sections which would
readily melt away when applying the welding flame.
(See fig. I herein.) Especial care should bc given to
obtain a neat fit at all points of intaseotion.

—

..-
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Before welding, the specimen shtdl be mounted
accurately in a jig similar to that shown in Figure J
herein, and tacked at a sufficient number .of points
to insure a constant joint spacing during the welding
operation.

Position oj specimens duri~ welding.—AUspecimens
shall be welded with the principal or longitudinal
axis horizontal so that the majority of the wekls
can be made in a flat position. The jig shill not be
moved, however, until the welding on one side of a
horizontal plane is completed. Thg jig can then be
turned over and the welds on the other side made as
before. Variation to the above may~be made under
special provision by the Bureau of Standards.

<+’-----

<’--- #fad

Welding gas jlame.-The type of
recommended are shown in Figure K

minimum of M inch and % inch maximum, exccpt-
w may be otherwise specified. Additional rcquirc-
monts for reinforcement are shown in Figure I -
herein.

Gaging weld8.-For this cks of construction, the
g@ng of welds is somewhat difiicult except for tho
open-butt type due to unsimilarities. Tho committco
submits for the bureau’s consideration the typo
of gages which the Americmi Bureau of WcIding
developed for gaging tho welds involved in tho
program of its Structural Welding Commitl.ee.* Tbc
gages for the butt welds will apply with slight modi-
fications, whereas the gages for the standard fillet
wekla and the various forms of fillet and”butt welds

A relatbwly short, round end sone (white fn wlor) produced by throttling ma pm+some when ua~ m! OWZ-
.sf@lp.

.

Arelativelylow roundendone (whiteIn mlor)produced by sorrect size tfp opemting with sorrwt gfw
prfSmres.

—

.-

Same cene mndftfon, but flame w&w excess of awtylene, indieatad by a thkd flame of whitbh color witittn
the em’elope llnrne (losing heat, dffiicdt to malntdn plastiofty of bum metal).

waldfng cone necked in slfghtly, not u whks or se well define% ftnd shorter flnme carries an e:- of O-
is slightly purplfab (bmametel boflingduetompfd oxldatfon).

WeMing cone sharply pointed, duemostiy totaohigh ges prmsures anduncleantip,

,

LIP eon%unclean tlp generally.

Lip con%nnolean tip generaZY.

FIGGEEK.—Flnrne sharasteristim

welding flames I
herein, Welding. ~

flame characteristics (detd No. 1 or IYo. 2 being
desirable).

Method oj uddin.g.-Either “forward” or “back-
ward” welding method can be employed; however,
the “backward” method is recommended wherever
it is convenient to use. k explanation of this is
illustrated in Figure L herein, Care should be exer-
cised on the part of the welder to avoid undercutt~~
of the base metal at the edges of the weId and to
produce an even weld contour. In “closing out” a
butt weld or when engaging a previously made weld
of any type, the welder shall, in addition to affect&g
thorough fusion and penetration, reheat the weld
zone at the closure for a roaacmabledistance beyond.
Generally 1 inch is sufficient. Weld reinforcement
should be not less than the WSH thickness, or a

will r~quire complete revision as to dimensions, due __ _
to lirmting spaca allowed for gaging.

An experienced supervisor or inspector can deter-
mine to a fairly close degree the conformance of weld
dimensions to the requirements of tho design by
careful visual inspection with the aid of a small steeI
rule. “

137el,&ngjigs and jlrturee.-For assembling tho
specimcms and for tacking and welding, the jig and
fixtures shown in Figure J herein ma submitted for
consideration. Essentially, the design provides for
assembling the several parts at various angles and for
adjustment of the longitudinal piano of elevation of
the principal member; also for access for welding on
reverse side of specimen without taking it out of tho q
jig. The fixtures provide for aasembliig the various
types of gusset or insert plat*s to any sizo of tubing. .-. —

1~~~j~ MC
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Recheck oj m!der8.—It is recommended that the
welders employed for wekling the test specimens herein
be rechecked or requaMed in part at interds of one
week after the first welding has been started and at
inter-da of two weeks thereafter, untiI aUof the speci-
mens ha-re been welded.

The “open butt tensile test,” Figure D herein,
is recommended for this purpose. Howe~er, the num-
ber of the specimens can be reduced to one-half. In
the erent the reeheck didoses remks below the reqnire-
mente of the original qual&ation test, the we.lde~
shall be rechecked as set forth in the original qualifica-
tion test.

l~”e~tightnew.-lmsnmch as it is a desirable feature
of welds in aircraft to be tight against leaks, it is
recommended that the specimens be subjected to a
pneumatic leak test. The pressure may be raised to
three or more atmospheres, depending upon the serrice

TUBULKR MEMBERS FOR AIRCILWT 339 .—

.The Air Reduction SaIesCo. contributed the scmices .

of Mr. A. Rath, a member of its staff, w weld& super-
tir. He was present

-~

during aIl the welding. In
his opinion, it complied
with the procedure speci-
fications.

In order to use repre-
sentati~e apparatus, four
of the principal manufac-
turers of inkling equip-
ment were intited to sub-
mit a complete set of their
apparatus for use in weld-
ing the test specimens.
Each set was used to weld specimens assigned to “it
when the program was prepared. The sets (see fig.
11) are designated by the letters A, B, C, and D.
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Fmmu M.-Osges for messmfugbuttand fillet tids snd a sketch fJInstrating methd of applkstfon 04th= gains

of the joint; and while the prwsue is “on,” inspection
for tightness can be made by the aid of soapy wat+%
applied over the surfaces of the welds and adjacent
metal. by pinhole leaks cm be corrected by reweld-
k~. This procedure ia recommended as a means of
presenting interior corrosion of the tubes in service
and to avoid the neoezdy for flushing the tubes -with
oil. Welding properly done and inspected as herein
set forth may solve the problem of interior corrosion.

~

The Bureau of Standards employed Mr. M. I.
Anderson,:who welded all the joints. His experiencehad
been obtained at theKeystmeAiroraft Corporation and
the Fokker Aircraft Corporation. He complied with
the qualification tests of the procedure specifications.

4M30—31-23

t
I

The oxygen and acetylene were purchased from the
contractor given in the genemd schedule of supphs for
the fiscal year 1929, prepared by the General Supply
Committee of the Treasury Department.

Analysis of the oxygen sbomd a purity of 99.5 per
cent. hToanalysis was made of the acetylene, but it
complied with the specifications used by the ~nited
States navy yard, Washington, D. C., in purchasing
this gas. These specifications are as follows:

The acetylene gas skdl be disaolwd in sufficient acetone to
insure againti explosion and shall be purified to the highest
possibIe degree of purity, the hydrogen mui sulphur being removed
to such an extent that the gaa vriIl not coIor a piece of white
blotting paper or simihr matAal saturatedin a 5 per cent
aolutionof aiIvernitratewhenheld in the flowof the gasfor
30 aeconda.
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The speoimens ~ere welded in a jig (see figs. 12 and bundle of welding wire used for each joint was weighed
13) which was adjustable b fit ill joints in the program. before and aft+wwelding, and the amount used was
By mounting the jig in beaxings so that it could be oompared with the increase in weight. The weight of

r

FIGURE Il.–The torchesad c#@pmantruedto weldthespmlmm Emh torchwaamedto weklsbontaueqMInurnk ofn@nun#

rotated, all parts of the joint were readily accessible
to the %eld&,

The pieces of eaohjoint were weighed before inkling,
and the joint was weighed after welding, the difference
being the weight of the weld metal. & a check the

wekling wire used was found to be about 10 per cent
higher .than the gain in weight of the pieces during
Wekling.

In making the butt joints in tubu of 0,028 and 0.065
inch wall thickness, it was imposeible b make beads of
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the dimensionsgiven in Figure A of the procedure speci-
fications. The actufd dimensions are given in Figure
14. For the thinnest base metsl the bead is dightIy
wider but of less height than specified. For the
thickest base metal both width and height W= less.
It is believed that an increase in bead size wotid not
affect the test results as the majority of th~ spqaens
faded outside the vdd.

By far the most serious dii%culty enctnmtead in the
wekling was the formation of crack@ in the gusset
plates. About one-fourth of all joints reinforced with
plates had visible crach. The numbers of such
joints are 2251, 2252, 2253, 431, 441, 442, 452, 532,
751, 753, 7191, 7192, 851, 931, and 932. Photo-
graphs of the cracks in joints 753 and 851 are shown in
Figure 15. Changing the order m which the vrekla

TUE~ MJ13CSERS FOB AIRCItM!T 341

tension and compression based on the strength of the
unwelded tube. There was apparently no rdation
between the ticiency and the size of the tube. Failure
m all ~oept one joint, No. 052, ocourred in the tube
about one-half inch from the weld. Tensile speci-
mens failed by rupture at this point, and compressive
specimens by formation of a circumferential fold.

To study the properties of the metaI as affected by
the heat of wehhg in the region in which faiIure
occurred, hardness esplorationa and stress-strain
measurements were made of the butt joints.

Hardn= explorations -weremade of joints 011, 041,
and 051, using a Vickers machine with a 30-kg. load
applied for 10 seconds. The Vickere numbers me
plotted against distance horn the center of the weld in
F- 17. It is claimed by the makers of the Vickers

~GUEI IZ-A Iattice fdntbe@ weldedh tbaj&

were made or the direction of vmMingappeared to have
no effect on the cracking.~ WeIding on one side onIy
of plates not inserted in the tube was tried in joints
h’os. 432, 433, and 453. No cracks were noted in
these joints.

k testing specimens Nos. 2251, 2252, 2253, 431,
and 532 the fracture started in a visible crack, probably
resulting in a lovmr ultimate strength. It is believed
that the strengths of the other specimens were not
affected by cracks.

V TEST RESULTS
1.BUTT JOINTS

Tensile and comp~ive tests were made of butt
joints in the five sizes of tubing. The efficiencies and
maximum stresses are plotted in F~re 16. The
efiicienoiesranged between 78 and 93 per cent for both

~Recent t.wtnmede by snotherkkmmtory mem to IndIcutn that ~ tngnssst
pIat?scam Lmrednced byweIdInghom theamdthsm gieformedb ytheinter-
mctkm of the hlw Outwerd.
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machine that for material of the hardness of chromium-
molybdenum tubing the Wclrera numbers correspond
cIoaeIyto the Brindl numbem

The tube has a much lower Vickere number at a
distance of one-half inch from the weld center. At this
point it has approximately b- same hardness as the
weld. For example, the tubing used to make speci-
men 041 had a hardness of about 225. This was —
reduced by the heat treatmd accompanying the
welding process to 160, one-haIf inch hwm the weId
center and was increased to about 280 at the edge of
the weId. The vdd metal itself had an average
harti of 170.

The rwdts of the hardness explorations are similar
to those reported by Sisco and Boulton’1 and by J. B.
Johnson,” who used RockmreIImachirw

.—

~lW(l@6teel_ and Sheet with Chromium-Molybdenum Wet@ Who.
Tram. &6. &T. voL g, NO. &p. 5%9,Novemhr, 192S.

u-wdm7#D.wQOfxm@ mkOxch(rlleJ,-nL
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Two pairs of Huggenberger extensometers with lbs+in? in tension and 22,000 lbs./ii? and 34,oOO

l-inch gage lengths were used h measure the elonga- lbs./in.n in compression. T&, deviation wag deter-

tion or compression of the specimens under load. mined by the method used to find tho proportional
(Fig. 18.) Pair A was placed on the tube where the limit for tie tubing specime~. (Figs. 1 and 2.)
material had not been affectad by the weldiug heat. The proportional limit for curves A checked with tho
Pair B was placed immediately adjacent to the weld, valuw given in Table IH, vtirying between 45,oOO

IW3UEElS.-A T jdut .(nppar)and a lattice lotnt Oower) eat UP in the jig fir wddlns The tubes em
obunped In V bldm bolted to tha frame. where t.aboe of ~t dlametar wwo ~dw toge~6r. ab~
wam plamd under tbe bIocke hddtns tho emall tuMs. The M mm h turned O- fcw~d@ on the
bottom sida

the gage length inchding the zone where failure usu-
dy occurred.

From the stress-strain diagrams, Figure 19, it may
be seen that for the l-inch gage length next to the weld
the curves B deviate from a straight line at a low
stress, varying between 22,000 lbs./in.s and 27,000

lbs./in.2 and 60,000 lbs./in? in tension and above
60,000 lbs,/im? in compression.

S.7!JOINTS

The ef%ciencies of the T joints were computed by
dividing the maximum load by the ultimate strength
of tube B.
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The maximum stresses and efhiencea for the T
, joints are plotted in Figures 20, 21, and 22. Loca-

tions of the failure are indicated on the drawings.
Thus, in loading I for joimt 111, Figure 20, a stress of
25,000 lbs$n.a in tube B produced a crack in the
lower side of tube A adjaoent to the weId. The
permanent deflection was 0.067 inch and the efficiency
of this joint was 18 per cent. k Ioading ~ at a
stress of 73,000 lbs./in.* in tube B tube A ruptured
along the edge of the weId. The efficiency was 54
per cent.

Where it is believed that the strength in loading II
was serioudy lowered as a reetdt of loading I, the value
is plotted but not averaged with the others. .

&k(l&r

Unreinforced T joints in which both tuti were the
same d.kmetw (120, 140, and 160) gave eiliciencies
ranging between 11 and 14 per cent in loading I. As
wouId be expected, joints with the smalkr tension
memba gave higher efficiencies.

Inserted plates (joints Nos. 230, 240, !250, 2230,
2240, and 2250) and StipS (joints &rOS.3100, 3110,
and 3120) produced ~ery SIight increases in efficiency.

11’ehiing a triangular gusset plate in the angks
formed by the intersection of the tubes increased the
efficiency aocordhg to the size of the plate. Joint
No. 430 had an e5ciency of 12 per cent., practicably
no increase over the unreinforced joint which was 11
per cent. Joints Nos. 440 and 450, -with h.rger gus-
sets, had efficiencies of 14 and 24 per cent, respec-
tively. Although the latter joint has a strength
about twice that of the unreinforced joint, the time
required to weld it is seven times as long (fig. 31),
and the extra weight above the weight of the tubes is
0.56 pound compared with about 0.02 pound for the
unreinforced joint.

Tha large gussets of joint No. 450 also produoed a
considerable deformation in tube A due to residual
stresses when the joint oookd. These stresses were
sufficient to cause a jf~-inch detkotion of the ends of
tube A below the middle after cooling. Weh%g on
one side only of the plate improved this condition.

Joints h’os. 530, 560, and 590 in which the load was
fipplied through a rigid termimd all required a load of
about 3,400 pounds to produce the permanent set.

b. ImndfIwIf

The &oiencies of the unreinforced T joints ~aried
widely, ranging between 56 and 82 per cent. All
excepi hros. 121 and 153 failed by rupture of the A
tube around the edge of the weId. Nos. 121 and 153
failed in tube B below the weld.

The joints reinforced by inserted gussets (Nos. 230,
240, and 250) had average effioienok of 78, 69, and 74
per cent, respectively. The strength apparently did
not depend on the depth of the gusset. All failed in
tube A by rupture around the -weld and by crushing
around the plat-e at the top.
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Joints having a wider gusset inserted in tube B only
and welded to both tubes had about the same effi-
ciency, 67 per cent for No. 2230 and 78 per cent for
~Nos.2240 and 2250. It is apparently of no advant.sge
to make the depth of the gusset greater th~ 15 “
inches (No. 2240).

Of the joints reinforced by a strap, No. 3110 had
the highest efioiency, S7 per cent. This was also the
highest for all the T joints. No. 3100 was weakened
by the ends of the strap being too near the joint. A
strap estending 1 inch below the top of tube A is
obviously long eqough.

Joints reinforced by triangular gussets not inserted
gave average efficiencies of 73 per cent for No. 430
having the small gusset to 84 per cent for No. 450
with the Iargest plates. The average efficiency of
Nos. 432 and 433, whioh were welded on one side of the
gusset plate ordy, was about the same as the efficiency
of No. 431, which was welded on both sides. Joint

t=Qar-
t-.m5-

-J-t

~GUM IL—DImedoIIs at6dIoI19 Of htt hints fntdlhf.
Amm6what smalIer HwasusdtJmn thstprmcribedfQ
Ff@re AOfthe Pro=&m SPedf&atfon5

No. 453 had an efficiency somewhat lower than the
average end failed in tube A by tearing out of the
gusset, starting on the unweIded side. The two that
were welded on both sides of the gusset, Nos. 451 and
452, failed in tube B below the .gysset.

Efficiency of the lug joints were based on the
stmmgth of the tie+ods. Nos. 531 and 533 faiIed by
the plate pulling out of tube A. TIM low e%ioiency of
No. 532 apparently was caused by a crack in the plate.
In No. 560 the pin sheared out of the plate. In No. 590
the &rod faded in tension.

&LATTICEJOmTS

Two efficiencies were oomputed, E,, the percentage
of the strength of tube B in tension developed by the
joint, and E’., the percentage of the strength of the
weakest of tubes A and C in compression.

E. was always higher than lZ’~as the oompressivq
strength of a tube was always lower than the tensile
strength.

Most of the unreinforced joints @Jos. 610 to 680)
faiIed by coUapse of the tubes at the joint, the end of
tube C being forced into the wall of tube A. Joints
which failed in this manner are marked ‘%” on the
drawings, Fiies 26 and 27.

bfaximum stresses and efliciem%s are plotted in
Figures 26 and 27. Looking at joint No. 611, for
example (fig. 26), this joint failed when the stress in
tube B reaohed 67,000 lbs.iii? by cdapse of the tubes
at the joint (X). The efficiency based on the tensile
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FIOUEE16.-Cracksproduced bymddnal stm%sesin johrts aftw cwllng. CrU8r, in apedmn 7S3; lower, in SPeobnen061
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strengtlt of tube B (lZJ is 68 per cerit. Based on the position of tubes B and C. .4 slight advantage in

lowest of the compressive strengths of tubes A and C favor of No. 630 was notod, although the differcnco

the efficiency (llc) is 72 per cant. This joint was welded may be too small to be significant.
with torch “a.” When the angle at which the tubes intersected was

Efficiencies of the unreinforced joints Nos. 610 to made 45° (No. 68o) the compression cornponents in
660 varied between 58 and 68 per cent for E, and be- tubes A and C! were decreased so that tube B faiIed
tween 60 and 76 per cant for E,. There was apparently in tension beIow the weld,
no sign.itlcantditlerence in the et3iciencyin joints with Similar types of reinforcement wore used in tho
tubes B and C reduced in size (Nos. 620,640, and 660). lattice joints as in the T joints, No. 75o, in which

FIGURE18.–Huggenberger exmmetwe on butt,joint to rneamre the strain mar the weld audatadletmce
fromtheweld

.460° lattice joint could probably be made with the
tension member B reduced at least 10 per cent in wall
thickness with equal diametem and have the same
strength as one in which all the tubes were the same
size.

Joint No. 670 ]vtis tested to determine if any dif-
ference in strength would result if tube C weremade the
tension member instead of tube B. The dMerence
in the shape of the tube ends resulting, for this con-
dition, may be seen from F~re 10 by reversing the

an inserted gusset plate was used for reinforcement,
was the strongest, the tensile efficiency, E’~, being
80 per cent and the compressi~e eflciency, EC,90 pcr
cent. Failure occurred in tube A near the end sup-
ported by the fiture, This joint was approximately
20 per cent stronger than the unreinforced-joint No,
630, which had efficiencies of 67 and 76 per cent for
Et and l?,, respectively,

Joint No. 7190 having a somewhat shallower gusset
which was not cut through tube A gave slightly lower
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efticienciea; 78 per cent for Et and 82 per cent for E@
Failure bccnrred by the crushing of tube A at the joint.

Joint No. 850 having large triangular gussets weIded
between the tubes but not inserted gave no higher
efficiency than the unreinforced joint hTo. 630. The
joint failed by the plates being forced into the wall
of tube B.

The lug joints Nos. 93o and 9100 failed by the pin
shearing out of the gusset.

Joint No. 1010, reinforced by a U strap, was practic-
ally as strong as the inserkcl-plat~ joint h’o. 75o,
the efficiencies being 79 and 91 per cent for Eg and

6. PNEUMATIC TE9T

‘l?oiuvestigate the possibilities of making wekla tight
against leaks as suggested in the procedure specMca-
tions, one specimen of each of the T and lattice joints
was tested for the presence of and leaks by sub-
jecting the tubes to an internal air pressure of 25
lbs.iii? and applying soapy water to the joint, any
leaks being indicated by bubbles.

I.Rakswere found in specimens Nos. 3101,3102, and
3103 in tube B at the corner of the strap and in joints
Nos. 451 and 453 in tube B below the lower corner of
the gusset. None were visible to the naked eye.

+4- &’Krelb@lffm-n#u2z

o

+wl-s7t?i7+wF i-l
* C1.4wz “a’mnwd.flr Z&c m

A%%-”mtram m *
h m txi+

FIGURE 19.-StresAmh dkmIIIS fm buttJOMS h tendon andmmDrcAon

17e Tube A failed in compression beIow the weld
to the strap.

4.STRENGTH OF TUEE AINTENSION

The effect of a welded joint in reducing the tensile
strength of its members was determined for several
joints. Nos. 170 and 180 represent the joining of two
tuk B in an ~xia at right angles to a third Tube A.
One set of three specimens -iv~sloaded along the &
of tube A and mother set along the axis of tube B.

Joints Nos. 2T40, 5T30, 6T50, and 6T60 were made
identicaI with Nos. 240, 530, etc., but were tested with
tube A in tension, the other tubes remaining unloaded.
The results are clearly indicated in the diagrams of
F~e 29.

VL CONCLUSIONS

For joints in chromium-molybdenum tubing rarg-
ing in size from ~ @. O. D. XO.028 in. wall thickness to
2 in. O. D. X 0.065 in. wall thickness, welded under
procedure control by the osyacetylene process, the
folhving conclusions apply:

1. The point of minimum strength and hardness of
the base metal is shaqdy defied and is kwated about
one-half inch from the weld center. Here the mate-
riaI may have strength ringing between 80,000 h 100,-
000 lbs./ii? in tion and 70,000 to 95,000 lbs./iiZ
in compression and a VMcers number as low as 165.

2. For T joints loaded to high bending stressesnear
the joint it isprobablymoresatisfactory tigainstrength
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by increasing the size of the tube rather than by adding \
plates, straps, etc. Wlmre the joint is loaded in such a. !
manner that bending stresses we kept to a low value, ~
the efficiency may best be increased by welding a ~
U strrip around the joint, the ends extending at least :
I inch beIow the joint. The elikiency of an unrein- !
forced joint Fab found to range from 55 to 77 per cent. :

huge trkgdsr gnssetabetween the intersecting tubes,
but t~ weight and time required to fabricate are

-

excti~e. An unreinforced T joint in Iji in. X 0.058
in. tubing requirw about eight minutes to fabricate
and the weJd metal weighs about 0.02 pound. The
strap joint requires 28 minutes to fabricate, and the —.
might of the weld mehd and reinforcement is 0.16
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joints.Forexamwspecimen611&IIedatastrm of67#WIMJnJin tubeB. Thetersf.leef6cIency,E4wea6Spercent
end the compres.skeefftdency, l?., me 12 per cent

Reinforcement by means of U straps inoreased the !
efficiency i% 87 per cent. Strap-reinforced joints in ~
which a tube is enciroled by a circumferential weld \
are, however, subjeet to a reduction in the tensile ~
strength of this tube. This reduction in strength is ~
probably greater than k produced by other ty-pes of !
reinforcement and should be taken into consideration. 1
A joint can be made ahnost as eflicient by wiilding ]

pound. These values are increased to 46 minutes and
0.56 pound for a joint having W@ strength reinforced
by corner gussets.

3. The best reinforcement for the lattice joint is
one which reinforces it against ooIlapse of the tubes.
This reinforcement may be either an inserted plata or a
strap welded around the joint. Both methods in-
crease the strength of the unreinforced jgint about
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20 per cent. The inserk&plate joint takes longer to
fabricata and weighs somewhat more than the strap-
reinforoed joint. In the latter joint the tende strength
of the tube enciroled by the strap is undoubtedly re-
duced. When gusset plates are used for reinforce-
ment a decided gain in strength is obtained by inserting

COIWXFFEEI FOR AMRONAUTIC!S

wehling each type of joint should be worked out experi-
mentally, and designs which can not be welded con-
sistently without cracking shouId be discarded.

5. In using four representative o~acetylene torches
there was no indication that d&rences in t.he~joint
strength could be attributed h the torch.
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FIGUBI!29.-TW remdtsdmwlng reduction h t6maIIestrmgth for varloos joint% Maxhnnm atrases and ollhimcks 81’oplottod.

Foruwnpla in spmirnen174 tube A whenloadedin tendonfalhdat 8 atremof@o,wwIIw,/ln#,whichw 77per cant of
lt9ten.mestrength

one plati in all tubes rather than welding several
plates in the angles between the tubes. No reinforce-
ment is necessary when the tubes meet at anghw of
45°.

4. Cracking is an important problem when gusset
plates are used for reinforcement. A procedure for

6. Low-carbon rod apparently gives enough strength
in the weId to cause the specimen to fail in the base
metal for the majority of joints. la

BUREAU OF !3TANDARDS,

Febru.ay 6, 1930,
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